Abstract. Repeat transcatheter arterial chemoembolization (TACE) becomes more challenging for patients with intrahepatic biloma following TACE for hepatocellular carcinoma (HCC).The purpose of this study was to investigate the clinical course, incidence, imaging features and outcome and to explore the reasonable therapy scheme for intrahepatic biloma following TACE for HCC.A total of 4,695 TACE procedures were performed for 1,923 patients with HCC. Twenty patients with intrahepatic biloma following TACE were studied retrospectively. The incidence of intrahepatic biloma was 1.04% in this study. The 20 patients underwent 55 TACE procedures (mean, 2.75). Portal vein invasion was found in half of the patients. Eleven patients developed round solitary or multiple cystic biloma, 6 patients had branched biloma and 3 patients developed both cystic and branched biloma. Percutaneous drainage was applied for 4 patients. One patient underwent partial hepatectomy and one mortality occurred due to progressive biloma and multiple organ failure. Although severe intrahepatic biloma following TACE is rare, the procedure should be performed with caution. Timely and appropriate management, including percutaneous drainage, partial hepatectomy and antibiotic administration should be performed in the case of any signs of infection.
Introduction
The incidence of hepatocellular carcinoma (HCC) has increased significantly over previous decades, and globally it represents the sixth most common cancer type and the third highest cause of cancer mortality among the general population (1) . Hepatitis B and C and alcohol abuse are major risk factors for HCC. Although local ablation techniques and multikinase inhibitors, such as radiofrequency ablation and sorafenib, are increasingly prevalent, transcatheter arterial chemoembolization (TACE) remains one of the standard treatments for patients with intermediate-and advanced-stage HCC (1) (2) (3) . Several randomized controlled studies have revealed that TACE improves survival and controls the symptoms of HCC (4) (5) (6) (7) (8) .
Despite its significant anti-tumor effects, repeat TACE is frequently required in patients with HCC and can cause more local complications than conservative management. To minimize the risk associated with TACE, it is important to understand the major complications of this procedure. The most common and severe complication is TACE-associated hepatic and biliary damage, which primarily consists of hepatic insufficiency, liver abscess and intrahepatic biloma formation among others (9) .
Once intrahepatic biloma has developed, repeat TACE becomes more difficult and riskier in patients with HCC (9) . Therefore the methods for effective prevention and treatment of intrahepatic biloma after TACE must be determined. The purpose of this study was to clarify the clinical course, incidence, risk factors, interventional management and outcome of intrahepatic biloma following TACE.
Patients and methods

Patients.
A total of 4,695 TACE procedures were performed for the 1,923 patients with HCC in the third affiliated hospital (between January 2007 and October 2012) and in the sixth affiliated hospital (between November 2012 and July 2015) of Sun Yat-sen University (Guangzhou, China). Of these patients, 20 consecutive cases of intrahepatic biloma following TACE confirmed by clinical history and computed tomography (CT) and/or magnetic resonance imaging (MRI) were analyzed retrospectively. The study protocol was approved by the Institutional Ethics Review Board of our hospitals. Written informed consent was obtained from each patient.
The diagnosis of HCC was established by dynamic radiological finding and clinical data. The conventional triple-phase dynamic radiological behavior of HCC included Intrahepatic biloma following transcatheter arterial chemoembolization for hepatocellular carcinoma:
Incidence, imaging features and management early enhancement on the arterial phase and fast washout on the portal venous and delayed venous phases (10) . Chronic hepatitis B, chronic hepatitis C, liver cirrhosis and tumor markers (such as α-fetoprotein) were also considered as other supporting evidence for the presence of HCC. According to previous reports (9, 11) , the diagnosis of intrahepatic biloma following TACE was based on i) round, solitary or multiple cystic lesions located in nontumoral parenchyma with or without segmental bile duct dilatation or ii) a branched hypoattenuating area along the Glisson's sheath similar to dilatation of the intrahepatic bile duct without enhancement at any of the vascular phases on follow-up CT scans. On MRI scans, these lesions demonstrated hypointensity and hyperintensity on T1-and T2-weighted images, respectively, without evidence of enhancement.
Procedure. TACE was typically performed using the following steps. A right transfemoral approach was used for artery access, and following insertion of a 4-to 5-French catheter into the hepatic artery, the feeding arteries were evaluated using hepatic angiography. For the fine and tortuous feeding artery, a 2.2-2.8 French microcatheter was used to minimize the embolized area. Subsequent to microcatheter insertion into the proper branch, chemoembolization was performed through the injection of a 2-50 ml mixture of anticancer drugs and iodized oil (Lipiodol; Andre Guerbet, Aulnaysous-Bois, France) with or without gelfoam or polyvinyl alcohol particles. The total amount of mixture in a single procedure was determined based on tumor size and blood supply. No more than three of the following anticancer drugs were used for each procedure: Doxorubicin hydrochloride (10-30 mg), epirubicin hydrochloride (10-30 mg), mitomycin C (6-10 mg), nedaplatin Follow-up and data analysis. Dynamic enhanced CT or MRI was performed every 1-2 months after TACE to check for iodized oil distribution and tumor recurrence. If local recurrence or new lesions were confirmed, an additional TACE procedure and/or other treatment (e.g. radiofrequency or microwave ablation, percutaneous ethanol injection, radioactive 125 I seed implantation or systemic chemotherapy) were performed. Once the signs of intrahepatic biloma formation were detected, these patients were monitored closely. Percutaneous puncture into the biloma cavity directly and aspiration or drainage were performed for infectious lesions and jaundice.
Clinical data were analyzed with respect to age, gender, Child-Pugh classification (11), main tumor size, TACE procedures, volume of ipiodol administered, treatment and outcome of biloma, which were collected from the original hospital charts, operation notes and outpatient medical records via telephone questionnaires. The end-point of follow-up was the time of patient mortality and liver transplantation. Data analysis was performed using SPSS version 19.0 (IBM SPSS, Armonk, NY, USA) to generate Kaplan-Meier curves. Table I , a total of 20 patients were included for analysis. There were 19 males and 1 female (mean age, 51 years; range, 20-76 years). The incidence of intrahepatic biloma following TACE was 1.04% in this series. Prior to intrahepatic biloma formation, the 20 patients underwent 55 TACE procedures (mean per As presented in Table II , eleven patients developed round solitary or multiple cystic biloma (Fig. 1) , six patients developed branched biloma (Fig. 2) mimicking diffuse bile duct dilatation and the remaining 3 patients had cystic and branched biloma.
Results
Baseline characteristics. As listed in
Interventional treatment of the biloma. Four patients with infection symptoms (jaundice, upper abdominal pain and fever) were treated through percutaneous transhepatic cholangial drainage (PTCD, n=1) and percutaneous drainage (n=3) under ultrasonography or CT guidance.
Conservative medical treatment was performed in the remaining 16 patients. During follow-up, the size of the biloma was reduced, remained stable or slightly increased in 2, 10 and 2 patients, respectively. One patient underwent partial hepatectomy for jaundice and the increase of biloma. The other patient succumbed to progressive biloma and multiple organ failure.
Intrahepatic biloma formation made the repeat TACE more challenging and riskier to perform in these patients. On average, only 1 TACE procedure (range 0-3 procedures) was performed in this group, and the sequential therapy included radioactive 125 I seed implantation (n=2), microwave ablation (n=1), radiofrequency ablation (n=2), percutaneous ethanol injection (n=1), partial hepatectomy (n=1), systemic chemotherapy (n=1), supportive therapy (n=2) and liver transplantation (n=1).
Survival analysis. Kaplan-Meier curves revealed the cumulative survival rate of intrahepatic biloma patients following TACE for HCC (Fig. 3) . The standard error of the mean exceeded 10% from 8-15 months after formation of intrahepatic biloma.
Discussion
Intrahepatic biloma may easily be confirmed using enhanced CT or MRI. The incidence of intrahepatic biloma following TACE varies greatly from 0.05% (12) to 1.04% (in the present study) to 11.3% (13) . The incidence discrepancy between the present study and previous reports may be partially associated with the patient population, embolic material, anticancer drugs and the TACE procedure. The liver is dually supplied by hepatic arterial and portal venous blood; however, HCC is primary supplied by the former. Therefore, TACE preferentially interrupts the blood supply of HCC cells and controls tumor growth. Unlike the normal liver parenchyma, the intrahepatic bile ducts are supplied exclusively by the hepatic arterial branches that form a vascular plexus (peribiliary capillary plexus) around the bile ducts. During the TACE procedure, the peribiliary capillary plexus is filled with iodized oil or other embolic material. Therefore, ischemia of the intrahepatic bile ducts may easily occur following TACE (13) (14) (15) .
Liver cirrhosis has a notable role in the formation of intrahepatic biloma following TACE. In the cirrhotic liver, hypertrophy of the peribiliary capillary plexus may function as a portoarterial shunt and compensate for the occluded arterial flow; therefore, the hypertrophied peribiliary capillary plexus in the cirrhotic liver is able to prevent the ischemic injury of bile ducts during TACE (13, 16, 17) . On the other hand, the high incidence of bile duct injury in patients with metastatic tumors and normal liver morphology also indicates the protective role of the hypertrophied peribiliary plexus around the bile ducts (9, 18) . The low incidence (1.04%) in this study may be explained as the majority of patients had HCC originating from the cirrhotic liver with hepatitis B virus infection.
The other risk factors for intrahepatic biloma may include portal vein thrombosis, biliary obstruction and inflammation, the total number of TACE procedures undergone, and the total volume of iodized oil, anticancer drugs, microspheres, gelfoam and drug-eluting beads administered and undergoing segmental or subsegmental TACE (13, (18) (19) (20) (21) . However, in the present study, with the exception of portal vein invasion in half of the patients, there was no obvious trend of repeat TACE procedures, embolic materials and anticancer drugs. Potentially due to the low incidence and lack of prospective studies of intrahepatic biloma following TACE, these risk factors are not widely recognized.
In the majority of cases, intrahepatic biloma may be treated conservatively. However, for moderate to severe signs of infection with or without increases in the size of the biloma, promptly percutaneous drainage or partial hepatectomy even internal drainage combined with antibiotics should be applied first (9, (22) (23) (24) . If it is not treated in a timely and appropriate manner, it may result in severe systemic infection, and even a bronchobiliary fistula or biliopleural fistula and multiple organ failure (23, 25) . In the current series, one patient succumbed to progressive biloma and septic shock.
Repeat TACE becomes more challenging and is associated with increased risk in patients with intrahepatic biloma. On average, only 1 TACE (range, 0-3) procedure per patient was performed in this series after formation of intrahepatic biloma, and the sequential therapy included local treatment (radioactive 125 I, microwave or radiofrequency ablation, percutaneous ethanol injection, partial hepatectomy), systemic chemotherapy (folinic acid, 5-Fluorouracil and oxaliplatin, sorafenib), supportive therapy and liver transplantation.
In conclusion, whilst severe intrahepatic biloma following TACE is rare, the procedure must be performed cautiously with superselection of the hepatic artery. If intrahepatic biloma occurs, careful observations must be made during follow-up. Timely and appropriate management including percutaneous drainage, partial hepatectomy and antibiotic administration must be performed in the case of signs of infection.
